Specification 



Modular Scalable Switching Networks 



Field of the Invention 

The present invention generally relates to interconnection networks, and in particular 
to a scalable switching fabric architecture allowing for the building of large switching 
networks from a common module. 

« A rynwOIINP OF THF INVENTION 

Fig. 1 shows the structure of a crossbar matrix 1 in which input lines 10 and output 
lines 20 are shown to be situated perpendicular to each other and are further shown to be 
connected at respective crosspoints. The crossbar matrix 1 is non-blocking - any input line 
may be connected to any output line without blocking other input - to- output connections. 
For aN x N square crossbar wherein the number of input lines and output lines are the same, 
(N representing the number of input lines and the number of output lines) the complexity 
grows by N 2 . In addition to complexity in monolithic IC implementation, the package pin 
constraints will limit the number of input and output lines (N). 

Multi-stage Interconnection Networks (MIN) enable building large switches from 
smaller switches in a structured manner. A three stage (stages 120, 130 and 140) network is 
shown in Figure 2. The network of Figure 2 is a class of networks based on the Clos network. 
This type of network belongs to so-called constant stage networks or limited stage networks. 
In Fig 2 a Clos network 100 is shown with N input lines 1 10 and N output lines 1 50. The N 
input lines 110 are divided into m groups 111, 112, H9,in Fig.2 we are showing V rather 
than «m', each group consisting of n inputs (N = m * n). Each group of n inputs is connected 
to a (n x k) switch 121, 122, ... 129. The first stage 120 (also called input stage) consists of m 
groups of (n x k) switches 121, 122, 129, each having n input lines (not shown) and k 
output lines (not shown). The second stage 130 (also called middle stage) consists of k 
switches 131, 132, .., 139 of size (m x m). The third stage 140 (also called the output stage) 
consists of m (k x n) switches 141, 149. The N output lines 150 include the outputs 151, 

152 159 of the m switches 141, 142 149, respectively, in the output stage 140. 

' ' With reference to Fig. 2, the outputs 161, 162, .., 169 of the first stage 120 each 
consist of k lines which will be denoted by 01, (1< i <m, 1 <j < k), the i index identifies the 
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• te »i„t„e ,* stage andllndexj idenHfies one of *ek output. Sof the 1's.ageof.he 
!- " te f ... 172 17 9 of the second stage 130 each consist of mimes 
^" T- .<i ie^Hden^esoneof.ne.s^s.nd.nc^ 
denoted by B,(l S.**. . 1- J - > lg , , ft .. 189 of me 

, ,„ ,92 .99 of the ted stage .40 each consist of k hues denoted by D, (« - * 
l^e^ 

inputli — - 

35 foU0WS: • fc • • the first stage (Olij) is connected to input i of switch j in the 

Output j of switch i in the first stage 

% second stage (I2ji). switch i in the 

\ Output j of switch i in the second stage (02ij) is connected to uvpu, . of swttchj 

li third stage (By). ^ „ m i To avoid blocking 

0 The Clos network 100 of Fig. 2 is denoted as a v(k, n, m). 

s j The Clos network opcAy . clos has shown 

S ^11^ ^ — Lbcbrokenand^adewifnoutiossofda. 
QD switch can be reduced rfexistrng ^.^ofswitohiscalledaRearrangeably 

O NonblockingSwi,ch.Theteees 0 gene W orkofF 1 gu re 2,srear,ang 

Th inou, stage 120 and output stages 140 of a Cos network consist of m switches. 
M 7 network .00 consists of k sv,,ches. The prior « suggest systems 
25 The mtddle stage 130 of networK „ midd , e stage The problem with prior art 

wt* integrated input and output stages and separate rntdd, aage^ P ^ ^ 

is ma, the structure is no. moduiar, that is the v(k, n, m) network 

«-""* d ^ m ; den ' iCal Tdtlstructing a Clos network v(k, n, m) from m identical 
Therefore, mere ,s a need for c^k J ^ ^ ^ ^ 
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nodules as needed. The A* of a modular statute is that As -n egratton m» 
singl e modu,e or mono.ithic Integrate* Circuit GQ. The advances of modular and stable 
stru cture is that h a,,ows bui,ding networks of different sizes from the same module or .C. 

CUMMAHV OF T ™ INVENTION 

Briefly . embodiment of the present invention inCudes an expandable network 
comprising of modu.es having switches wherein the modules are identical. Furthermore, a 
lid for biding a network „th varying sizes (different va,ues o, m> from a common 

^"odter features and advances of - present invention will become we,, 
understood upon examining the figures and reading the f„,,owing detailed descriphon of me 
invention. 

pj THT DRAWINGS 

£3 Fig. 1 shows a switch based on crossbar matrix 

fj 5 Fig. 2 shows an example ofClos network of prior art. 

f Fi gs. 3 illustrates a Clos network in accordance with an embodiment of the present 

Hgs. 4 illustrates a Clos network in accordance with an embodiment of the present 
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rr ^.„ ^^rmPTKIH nrT „ rr ™™»°™ g M R Q,,IM E NTS 

Referring now to Fig. 3, a Cos network v(k, n, m) 200 is shown in accordance w,4 an 
embodiment of me present invent The network 200 inCudes N input Imes 2, artd N 

output Hues 250. The N input lines 2,0 are divided into m groups 2„, 2,2 2,9 

group consisting of „ input lines <N - m • n). Each group of n input hues , connected to (n 
^switch 221, 222, ... 22, The ftrs, stage 220 (a,so Ced input s^e con ^ m 
groups of (n x k) switches 221, 222, .... 229, each having n mputs 211, 212, .... 219 an 

K 26. 26 269 The second stage 230 (a,so caUed middle stage) conststs of m 

outputs 261, 20/, .., ^o*. 

switt hes 23,, 232, .... 239 of size <k' x ,) each having V mputs 27,, 72, 

outputs 2 S,,282,..,289.T,ethirds^e240(a,soca,,edme output s^e,cos,uo m ^ 

notches 24,, .... 249 each having k inputs 29,, 292, ... 299 and n outputs 251. , 

J ^ + 0*1 o<;9 ?SQ of them switches 241, 

...,259. The N output lines 250 consist of the outputs 251, 252, ... 259 ot 

242, .., 249 in the output stage 240. 
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The input stage 2A ™°dle -» M0 ' ^ *^° f C1 ° S ^ 2 °° 

grouped .ogether and are inc.uded in me moduie 20,. h, a simUar manner, the omer modules 
L 20, include the grouping of switches ,222, 2,2, 242), .... (229, 239, 249) 
5 respective* The nemo* 200 is bull, from identical modu.es 20., 202, .... 209 where each 

:::: jl ~. - — »>. • ^ ; 49) - 

Each module includes three switches an input switch of size (n x k), a middle swrtch of sue 
(k'xtt and an output switch of size (kxn) ,, ,,rj. 

A discussion is now presented regarding the selection of the parameter k . Vd> 
10 reference ,0 Fig. 2, the second stage ,30 of network 100 consists of k (m x m) switches. The 
secondstage230ofnerwork200consis K ofm(k'xk') S witches231,232,...,239. 

With each (k- x lb switch, a network of , (m x m) switches, can be built wherem , » 
.he quotient of dividing *• by m (, - Q(kVm) where Q (x/y) denotes me quotient of x dtvded 

0 by y) The m-q inputs and outputs of <X x k') switch are used and me (k' - m'q) — g 

1 inputs and outputs are unused. The minimum number of eo.uiva.en, (m x m) switches ntat - 
I Quired in me second stage is k. Since in the second stage of network 200, mere are m * x 
" k0 switches, anetwork of m-q (m x m) switches can be built, therefore parameter k must be 

selected such that: 

Eq. 1 

m*Q(k7m)>k 

The connectivity of the middle stage 230 of the network 200 is now described. A sunple way 
of describing the connectivity of the middle stage 230 is in terms of an equivalent virtu* m x 
m) switch. That is, the middle s»ge 230 is first transformed, into an equivaien, vrtual k (m x 
m) switches and the connectivity of the equivalen, virtual k (m x m) switches is the same as 

fll described previously. There are m *• x k, switches 231, 232 239 and as descr^ 

above, with each *■ x «•) switch, a network of q (m x m) switches is built. Startmg w,th th 
firs, switch 231, the q«m input and output Vines are assigned .0 the q equivaien. (m x m) 
switches and any remaning inpu, and output Hnes 0, me switch are unused. The vtrtua. m x 
m) switches are .abeled 1, ... the assigned inpu, lines are labeled ,2, The mdex . tdennfie 
one of the virtual switches and the index J identifies one of the m input lines of the vulua^ 
30 switch, the assigned output lines are labeled 02, The index i identifies one of the vtrtu. 
switches and the index j identifies one of the m outputs. The same process ,s repeated for the 
second switch 232, me virtual (m x m) switches are labeled (q + l), .., 2,, the asstgned tnputs 
and outputs are labeled B, and 02, respectively simitar to me firs, switch. This process ,s 
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:t - - ~ * — — m s * ees ,s 

j in the third stage (Bji). identical modules and a 

We have disdosed a vfc n, m) switching ne,wo* us,ng « **** 

n «o .witchine network from m identical modules. 
m ethodofbuildingav(k,n,m)sw 1 tch 1 ngn mUwhching netW ork from a common 

Next, methods for building a scalable v(k, n, m) - teh ^ fr om 

, a The method includes constructing a switching netwom 
module will be disclosed. The method in of integers y/ 

^ i» ?m and selecting parameter k, k and specuying 
common module 201 and seiec gp /7 , m e //) can be constructed with the 

such thatnetworks with values of m belonging to S (m e uf> can 

Ul same common module. If k' is selected to 

'« Letthesetofdivisorsof^^^^ 

, t v ft- k) it is obvious that m*Q(k'/m)=k for all m e JA, and Eq. 1 
be equal to k (k - k), it ^ fa ^ foUows: 

Please note that the set Ji at least includes 1, and k. 

\ k ^ kan d^=^={™l mdividesk} u t . cpt i m u s 

, .i. 1 o«h v Tfkisorimethentheset {m,} is 
,w«h» divisors of k other than 1, and k. u k is pn" 
Let m,, m 2 , denote divisors oi 

a i fn 1 is satisfied for all (m e Jc k), a» u uc 

25 of size {n, (mi)*n, (nto) n, W J 
described previously. 

Another method is as follows: 

k ' =k=a ' ^T'rihlnTnlsnec.^ai.C.^, — - 
of size {n, (a 1 )^, (a ) n, .... (a ) > _ ^ m = ^ ( ^ f < 
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of size {n, (a l )*n, (a )<% .... ^ , = f < 

, ♦ v» - k = 32 = 2 5 . Then networks of size n, v ) ">v ; 
S ). For example, select k -K ^ 
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( 2Vn and (2 s )-n can b^Lucted from identical modu.es Wm de-bed in the 

embodiment of present invention. 

T*. above method is an exponent scalab,e sohttion. Tie exponent *alab e 
.nethod is perfectly accept method in certain app.ica.ion, We now present a hnear.y 

scalable method. 

Another method to satisfy Eq. 1 is as follows: 
k >=k + (M-l), ^={m|l<m<M}, < A3 > 
With k- and Jt according to A2 then E q . 1 is satisfied for all (m e uf). To 
demonstrate this let k =q*m + r (0 S r S m-1), and let k- k + (M-l), 



10 q*m<k<(q+l)*m 



,{ k is divisibie by m then r -0, and ».«kV*> - k and H Hs satisfied. 
If k is not divisible by m then , <r S (m-l),and(k+(m-l))2(q + D'm. 
Since m * M therefore k- k + <M - D i (q + '>'m, and Q(kVm) > (4 + D, 

[3 therefore 

% m«Q(kVm) 2 (q +l)'m>k and Eq. 1 is satisfied. 

S With k- according ,0 ,3 men you can bui.d a network of size n, 2n, 3n , 4n M * 

« is you can build a .inearly sca.ab.e Clos network upto M-n from identical modu.es 
m as described in the embodiment of present invention. 
H several methods for —ting a scaiab,e modular Cos network have 

| disclosed Althoughmemethodhasbeendcscribedintermsofspecificva.ucsforlk.k ■ J*. 

■ ^ trn:: - ^ - -~ — - -r: 

q . Q(k7m>, of me 2"' stage of module 201 will be unused since there is no, enough mpu s 

be eo.ua ,„ k. After assigning the m-q inputs and outputs, the remanung (k - m-q) -puts of 

I witch and the firs, - « **> «* «*» ° f *° ^ " ^ 

I virW (m x m) switch, ,he remaining inpu* and output of the next swttch are gro^d 
Z groups of m inputs and outputs, forming comp.ete virma. (m x m) swttche, W* 

output k'=k howeverinthis system, some of the virhta, (mx m) swttches are spu. between 
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spli, switches. Fig. 4 showSembodimen. 300 according to die above. The common module 
302 includes ,!«(»» k) switch, a J- <k, k) switch, a 3- 0c x n) switch, and a first M b,- 
directional lines 401 and a 2 nd M bi-directional lines 402 between adjacent modules for 
implementing spli. switches. It should be noted that for the first and las, modules, one of the 
M-bidircctional lines will be unused. A Clos networks v(k, n, m) of size n, 2n, 3n , 4n, .... 
M .„ can be constructed from module 302 as described above. Although the above 
embodiment has been described in terms of a specific method to implement spht swt.ches 
between adjacent modules other methods of implementing split switches between adjacent 
modules fall within the true spirit and scope of the invention. 

Although the present invention has been described in terms of specific embodiments ,t 
is anticipated that alterations and modifications thereof will no doubt become apparent to 
those skilled in the «t It is therefore intended that the following claims be interpreted as 
covering all such alterations and modifications as fall within the true spirit and scope of the 
invention. 



What I claim is: 
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